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EXPERIMENTAL INVESTIGATION OF THE NEW BUILT-UP         LITESTEEL 
BEAMS 
S. Jeyaragan and M. Mahendran 
Faculty of Built Environment and Engineering, Queensland University of Technology, Brisbane, Australia 
Abstract: A new cold-formed steel beam, known as the LiteSteel Beam (LSB), has found many applications 
in the building industry. When LSBs are used as back to back built-up sections, they are likely to improve 
their flexural capacity and thus extend their applications further. The built-up LSB sections can also reduce 
the detrimental effects of Lateral Distortional Buckling (LDB) that occurs with single LSB sections. 
However, the behaviour of built-up beams is not well understood. Many steel design codes include guidelines 
for connecting two channels to form a built-up I-section including the required longitudinal spacing of 
connections. But these rules were found to be inadequate in some applications. Therefore an experimental 
investigation was undertaken to study the flexural behaviour of back to back LSBs with various longitudinal 
connection spacings under uniform moment conditions. This paper presents the details of the experimental 
tests of back to back built-up LSB sections, and the results. It also discusses the effects of connector spacing 
on moment capacity, the behaviour and the applicability of current design rules to back to back LSBs. 
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1. INTRODUCTION 
LiteSteel Beam (LSB) is a new cold-formed steel beam produced by Australian Tube Mill (ATM) and 
marketed by LiteSteel Technologies (LST). The new beam is effectively a channel section with two 
rectangular hollow flanges and a slender web, and is manufactured using a combined cold-forming and 
electric resistance welding process. The LSB has a unique shape with superior torsional strength properties, 
provides a very high strength to weight ratio, and is on average 40% lighter than traditional hot-rolled 
sections of equivalent bending strength. Figure 1 illustrates the cross-section of LSB and its typical use in 
construction. LiteSteel Technologies (LST) are now promoting the LSBs as floor bearers in residential 
construction, replacing hot-rolled beams (Figure 2).  
 
                                                         
Figure 1: LiteSteel beam (SSTM, 2005) 
  
Built-up LSB sections are expected to improve their flexural capacity and to expand their usage to long 
span applications such as header beams over opening, floor bearers, and hanging beams. They can be 
fabricated using the traditional back to back configuration as shown in Figure 2 and can produce more than 
double the bending capacity of single LSBs. Mahaarachchi and Mahendran’s (2005a) research on single LSB 
sections found the LSBs to be susceptible to Lateral Distortional Buckling (LDB) that reduced their moment 
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 capacity for intermediate spans. The back to back built-up LSB is likely to mitigate lateral distortional 
buckling by providing additional rigidity to the weakest element of the section, the web. However, the 
behaviour of built-up beams is not well understood and the current design rules are found to be inadequate in 
some applications. This paper presents the details of the experimental studies on back to back built-up LSB 
sections and the results. 
           
Figure 2: Back to back built-up LSBs (SSTM, 2005) 
2. CURRENT DESIGN RULES 
AS/NZS 4600 (SA, 2005) gives limited guidance in relation to the fastener arrangements required to 
ensure full compatibility between the sections. Clause 4.1.1 specifies that the maximum longitudinal spacing 
of welds or other connectors joining two channels to form an I-section shall be determined as follows: 
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where l = span of beam, N* = design strength of connectors in tension, q = intensity of the design action on 
the beam, sg = vertical distance between two rows of connections nearest to the top and bottom flange, m = 
distance from the shear centre of one channel to the mid-plane of its web. 
It also gives details for determining the intensity of the design load (q) and unequal connection spacing. 
The American Cold-formed Steel Specification (AISI, 2001) provides identical or very similar guidelines for 
cold-formed built-up beams as for AS/NZS 4600. 
BS 5950 Part 5 (BSI, 1998) specifies the required strength of connectors at preventing fastener failures, 
which is similar to AS/NZS 4600 (SA, 2005) whereas the design rules given for preventing excessive 
distortion between connectors differ and are given as follows:    
1) The beam length is divided into at least three parts of equal length    ie. smax ≤ 
3
l  
2) s ≤ 50 rcy  where, s = the longitudinal spacing of connections, rcy = the minimum radius of gyration 
of one channel 
3. TEST SPECIMENS 
Currently 13 different LSB sections are available in the market, and they vary in section depths ranging 
from 125 mm to 300 mm, in flange widths of 45, 60 and 75 mm, and in gauge thicknesses of 1.6, 2.0, 2.5 and 
3.0 mm. Based on a numerical study, it was decided to choose specimens based on all three levels of 
compactness, ie. Compact, Non-compact and Slender. Span length of the specimen was selected as 3.5 m 
based on current test rig capacity and was within the practical range of 12 to 24 times of section depth (d). 
Connector spacings (CS) selected for the specimens are the minimum spacing of span/6 as specified in 
AS/NZS 4600, span/4, span/3, span/2 and span/1, ie. no connections between the two end supports. Details of 
the test specimens are listed in Table 1. 
 
 
M10 bolts located 20 mm away 
from the inside flanges Acting as floor bearers 
 Table 1: Test specimens 
Test 
No 
LSB section 
 d × bf × t 
Compactness Span (mm) 
Overhang 
length 
(mm) 
Total 
length 
(mm) 
Fastener spacing (mm) 
1-5 200×45×1.6 LSB Slender 3500 750 5000 3500, 1750, 1167, 875, 583 
6-10 150×45×1.6 LSB Non-Compact 3500 750 5000 3500, 1750, 1167, 875, 583 
11-12 125×45×2.0 LSB Compact 3500 750 5000 1167, 583 
Note: d – Overall depth, bf – Flange width, t - Thickness 
4. EXPERIMENTAL PROGRAM 
4.1 Loading method 
Idealized simply supported boundary conditions are used in the ideal analysis models in which equal end 
moments are applied to produce a uniform moment throughout the beam. However, building and testing this 
ideal beam is difficult and usually two other test methods, namely quarter point loading and overhang 
loading, are used. Although the quarter point loading method is commonly used, it has some problems with 
testing of built-up beams. The bolted connections used on the web elements for the quarter point loading set-
up introduce two additional connections to the built-up beams. Therefore the overhang loading method was 
chosen, in which a uniform moment was provided throughout the entire span. The warping restraint it 
introduces is considered to be not significant for doubly symmetric sections. The level of warping restraint 
will reduce with shorter overhangs. But shorter overhangs may induce shear or local buckling failure at the 
supports due to higher load requirements. An appropriate overhang length of 0.75 m was chosen based on a 
series of preliminary FE analyses to avoid any premature failures. The experimental arrangement of built-up 
LSB beams used in this research is shown in Figure 3.  
 
 
 
 
 
 
 
 
Figure 3: Overhang loading method 
 
4.2 Test set-up 
The test rig used by Mahaarachchi and Mahendran (2005a) for experimental tests of single LSB sections 
was modified for the built-up LSB sections. It consists of a support system and a loading system, which are 
attached to an external frame structure (Figure 4a). The support systems were designed to ensure that the test 
beams were simply supported in-plane and out-plane (Figure 4b). The support conditions restrained in-plane 
vertical deflection, out-of-plane deflections and twisting, but allowed major and minor axis rotations. One of 
the supports was designed as a roller. In addition, two brackets were designed to be located at the end support 
systems to hold back to back LSBs without any gap. 
Loading arms were specially designed to apply the loads through the shear centre. The loading system 
was designed to prevent the possible restraint to the displacement and rotations of the test beam using a 
special wheel system (Figure 4c). The loads were applied at the end of each overhang under displacement 
control method using hydraulic rams. 
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Figure 4: Test set-up 
 
4.3 Test procedure and measurement system  
The loads were applied to the test beam until its failure while recording the measurements of the applied 
load, beam deformations and strains. Two 60 kN load cells were attached to each loading arm to measure the 
applied load. The in-plane and out of plane deflections of top and bottom flanges at midspan, and the vertical 
deflection under each loading point of the overhang deformations were measured using wire potentiometer 
type displacement transducers (WDT). Longitudinal strains were recorded at midspan using strain gauges. 
These measurements were recorded by using a Data Acquisition Unit and fed into a PC (Figure 4d). 
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 5. EXPERIMENTAL RESULTS 
Experimental responses of built-up beams were evaluated based on four important parameters, the 
moment capacity, the bending deformations, the failure mode and the flange separation. The test results and 
the three parameters identified are listed in Table 2.  
 
Table 2: Experimental test results and identified parameters 
Test 
No Specimens 
s 
(mm) 
d 
(mm) 
d1 
(mm) n 
Mu 
(kNm) 
δv 
(mm) 
Failure 
Mode 
My 
(kNm) Mu/My 
1 200×45×1.6 LSB 3500 200 170 106 17.15 14.2 LDB 33.03 0.52 
2 200×45×1.6 LSB 1750 200 170 106 17.00 17.6 LDB 33.03 0.51 
3 200×45×1.6 LSB 1167 200 170 106 21.06 12.6 LDB 33.03 0.64 
4 200×45×1.6 LSB 875 200 170 106 17.93 15.7 LDB 33.03 0.54 
5 200×45×1.6 LSB 583 200 170 106 20.64 14.4 LDB 33.03 0.62 
6 150×45×1.6 LSB 3500 150 120 75 17.43 30.8 LDB 22.14 0.79 
7 150×45×1.6 LSB 1750 150 120 75 17.28 30.8 LDB 22.14 0.78 
8 150×45×1.6 LSB 1167 150 120 75 17.71 33.2 LDB 22.14 0.80 
9 150×45×1.6 LSB 875 150 120 75 16.68 30.4 LDB 22.14 0.75 
10 150×45×1.6 LSB 583 150 120 75 19.55 35.1 LDB 22.14 0.88 
11 125×45×2.0 LSB 1167 125 95 48 20.63 55.8 LDB 20.97 0.98 
12 125×45×2.0 LSB 583 125 95 48 19.84 54.4 LDB 20.97 0.95 
  Note: d1 – Clear web depth, n – Slenderness ratio of individual web plates, s – Connector spacing, Mu – Ult. moment, My – 
Moment causing initial yield at the extreme compression fibre of the full section, δv – Vertical displacement at midspan   
5.1 Ultimate moment capacities and deflections 
The moment capacities of 200×45×1.6 LSBs range from 17.00 kNm for connector spacing of span/2 to 
21.06 kNm for connector spacing of span/3. Reducing the connector spacing was expected to increase the 
moment capacity. However, the test results have not exactly shown this trend. For example, the 200×45×1.6 
LSB with connector spacing of span/3 had a moment capacity of 21.06 kNm, which is greater than the 
capacities of 200×45×1.6 LSB with connector spacings of span/4 and span/6.  For 150×45×1.6 LSB, the 
moment capacities varied from 17.28 kNm for connector spacing of span/2 to 19.55 kNm for connector 
spacing of span/6. In this case also, the LSB with connector spacing of span/4 had a moment capacity of 
16.68 kNm, which is less than the capacities for the connector spacings of span/1, span/2 and span/3. For 
these two LSB sections it can be seen that the moment capacities of LSB section for connector spacing of 
span/1 is slightly higher than that for connector spacing of span/2. One of the reasons for these results may be 
the additional undesirable restraints in the loading arms at larger deformations. The moment capacities of the 
125×45×2.0 LSB with connector spacings of span/3 and span/6 are 20.63 and 19.84 kNm, respectively. 
Hence in general, test results show that the moment capacity of built-up LSBs is influenced by the connector 
spacing. The beams with connector spacing of span/6 had an increment of about 12 - 20 % in comparison 
with connector spacing of span/1. This increment will be higher if compared with the corresponding single 
LSBs. However, the allowable capacity of back to back beams is typically determined by doubling the 
allowable capacity of single sections. This conservative assumption and simplified design approach 
underestimates the actual capacity of back to back LSB sections. 
The ultimate vertical deflection at midspan for 200×45×1.6 LSB varied from 12.6 to 17.6 mm. For 
150×45×1.6 LSB, the deflection varied from 30.8 to 35.1 mm while they were 55.8 and 54.4 mm for 
125×45×2.0 LSB. These results show the larger in-plane deflections in the smaller LSB sections before 
lateral buckling. The moment versus vertical displacement at midspan curves for different specimens are 
provided in Figure 5a. They confirm that the beams failed in the elastic region as the moment-displacement 
curves were linear until the beam failed. The ultimate moments were less than the moment (My) causing 
initial yield at the extreme compression fibre of the full section (Table 2; calculated based on nominal 
dimensions and mechanical properties).   
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                           (a)                                                                               (b) 
Figure 5: (a) Moment versus vertical displacement at midspan for different specimens (b) Moment versus 
longitudinal strain for beam, 200×45×1.6 LSB, with connector spacing of span/6  
5.2 Load distribution 
In back to back symmetric built-up beams, the applied load is shared equally. This will change near the 
failure load due to later buckling. Strain gauge readings were taken on both compression and tension surfaces 
of both flanges for some specimens. These readings were the same until the beam has carried about 80% or 
more of its ultimate capacity. Afterwards they changed slightly in the opposite directions to each other. It 
means that after the period when the strain values have started having different values the consistency of 
stress distribution of each beam has also started changing (Figure 5b). The compression flange being opposite 
to the side where the beam buckled laterally took a larger portion of the compression force. Similarly the 
tension flange being beside in which side the beam buckled laterally took additional tension force that was 
released from the second tension flange. In back to back LSBs, sudden changes in stress distribution can be 
noted across the plane of contact which is unlike in I-beams. When the beam buckled laterally both LSBs 
exhibited lateral distortional buckling (LDB), which were identified as two different shapes and can be 
named as positive and negative LDB (Figure 6).       
 
                            
 
Figure 6: Lateral distortional buckling shape 
5.3 Failure mode 
The failure mode was governed by lateral distortional buckling for all the specimens. The effect of cross-
section distortion was governed by the depth of web. The slender section, 200×45×1.6 LSB, exhibited larger 
web distortion (Figure 7a) in comparison with other two sections (non-compact and compact sections). Also, 
the flange-web junction was distorted slightly (Figure 7b). For 150×45×1.6 LSB, the web distortion was not 
as high in the slender section (Figure 7c). But flange rotation was very noticeable as shown in Figure 7d. 
Section 125×45×2.0 LSB exhibited very little web distortion and flange rotation (Figure 7e,f).  
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Figure 7: Web distortion (WD) and flange rotation (FR): (a) and (b): 200×45×1.6 LSB with CS of span/1    
(c) and (d): 150×45×1.6 LSBs with CS of span/4  (e) and (f): 125×45×2.0 LSB with CS of span/6  
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Figure 8: Deformations at failure: (a) 200×45×1.6 LSB with CS of span/6   (b) 150×45×1.6 LSB with CS of 
span/4   (c) 125×45×2.0 LSB with CS of span/6 
 
The torsional rigidity of the flanges for 200×45×1.6 LSB and 150×45×1.6 LSB are the same whereas 
their clear web depths are different. The slenderness of the web plate of 200×45×1.6 LSB is higher than that 
of 150×45×1.6 LSB and 125×45×2.0 LSB. Section 200×45×1.6 LSB has a lower web rigidity, which results 
in high web distortion with low flange rotation. In contrast, sections 150×45×1.6 LSB and 125×45×2.0 LSB 
have high web rigidity in comparison with 200×45×1.6 LSB, which results in less web distortion and induces 
twisting action of flanges hence flange rotation. The deformation shape at the failure for some selected 
specimens are shown in Figures 8a,b and c. 
 5.4 Flange separation 
The second design rule is aimed at preventing excessive distortion between connectors by separation 
along the flange. Tests revealed different levels of separation between connectors, depending on connector 
spacing. Beams with connector spacings of span/4 and span/6 exhibited very little separation (≤ 1 mm) 
between the connectors located close to the supports (Figures 9c and d). Beams with connector spacings of 
span/2 and span/3 also showed smaller separations (≤ 3-4 mm) between the connectors (Figures 9a and b). 
Figures 9a to d show the level of separation, which is not significant from a design viewpoint. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                   
                  (a)                                       (b)                                      (c)                                      (d) 
Figure 9: Flange separation (a) 200×45×1.6 LSB with CS of span/2 (b) 150×45×1.6 LSB with CS of span/3 
(c) 200×45×1.6 LSB with CS of span/6 (d) 150×45×1.6 LSB with CS of span/4  
 
Beams with connector spacing ratio of span/1 revealed sliding of webs on each other with a maximum 
value of about 5-6 mm, making the flanges unleveled. This can also occur in other cases where the beams are 
not fastened in the middle (maximum deflection occurs). For example, in the case of span/3, there are no 
fasteners at mid-span, and the sliding could happen when the connector spacing exceeds a limit. From the test 
results the limit of span/6 for connector spacing in AS 4600 (SA, 2005) appears to be over-conservative. In 
contrast, the limit given by BS 5950 Part 5 (BSI, 1998) of span/3 is an improvement. However, its second 
limit of not exceeding 50 times the minimum radius of gyration of the single beam makes the first limit 
irrelevant. For example, for all the tested specimens, the minimum radius of gyrations is about 16 mm, so the 
second limit is 50 × 16 = 800 mm, which is less than the connector spacing of span/4 (875 mm). This makes 
the connector spacing of span/6 as the limit for the tested beams. The second rule governs the limit when the 
span length is increased. Hence based on the test results obtained in this research, using this second limit may 
also give overconservative results for intermediate and long span lengths. Thus, more suitable spacing limits 
are needed for the built-up back to back LSBs with varying spans based on improved understanding of their 
flexural behaviour. 
6. INITIAL GEOMETRIC IMPERFECTION MEASUREMENT 
Geometric imperfections are usually sorted into two categories, maximum local imperfection in stiffened 
element and maximum deviation from straightness for stiffened or unstiffened flange elements. Cold-forming 
and welding manufacturing processes induce initial geometric imperfections in LSB sections that are 
different from other cold-formed sections. Initial geometric imperfections in single LSB sections were 
measured by Mahaarachchi and Mahendran (2005b) and were within the tolerance limits. Back to back built-
up LSB sections are formed by connecting the web elements of two single LSBs back to back using bolts. 
This method of assembling the built-up sections is likely to alter the original imperfections in single LSBs. 
Hence in this research the geometric imperfections of built-up LSBs were measured after the final assembly. 
 6.1 Test procedure and results  
From the test specimens made for the lateral buckling tests, suitable specimens were selected based on 
the cross-section geometry and the connector spacing type (Table 3). In some cases, imperfection 
measurements of single LSBs were also taken in order to determine the effect of bolting. The initial 
geometric imperfections were measured using an imperfection measuring equipment specially designed and 
built at QUT (Figures 10a and b). The imperfection measuring equipment included a levelled table with 
guided rails with an accuracy of 0.01 mm, a laser sensor, travelator to move the sensor and a data logger. 
Measurements were taken at 100 mm intervals across the web and flange elements and along two or three 
lines in the longitudinal direction to determine the initial crookedness along the web and both flanges of each 
specimen. 
 
                                                   
                  (a) Measuring table                                                                                (b) Travelator 
Figure 10: Geometric imperfection measuring equipment 
 
Table 3: Imperfection measurements 
Test 
Number Specimens Type 
Connector 
spacing (CS) Span (mm) 
Imperfection:  out 
of plane (mm) 
1 200×45×1.6 LSB S N/A 3200 1.21 
2 200×45×1.6 LSB S N/A 3200 1.19 
3 200×45×1.6 LSB BB Span/6 3200 1.45 
4 200×45×1.6 LSB S N/A 3200 1.39 
5 200×45×1.6 LSB S N/A 3200 1.45 
6 200×45×1.6 LSB BB Span/3 3200 1.35 
7 150×45×1.6 LSB S N/A 3200 1.22 
8 150×45×1.6 LSB BB Span/2 3200 1.57 
9 150×45×1.6 LSB BB Span/6 3200 0.78 
10 125×45×2.0 LSB BB Span/3 3200 0.93 
           Note: S – Single LSB, BB – Back to back LSB 
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 Figure 11: Measured imperfection for a back to back 150×45×1.6 LSB with CS of span/6  
The overall maximum imperfection values for single LSBs (Tests 1, 2, 4, 5 and 7) are less than 50% of 
the recommended limit of span/1000 in AS 4100 (SA, 1998). This confirms that the manufacturing process of 
LSB does not lead to geometric imperfections that exceed the currently accepted fabrication tolerances. It 
was found that the imperfections of back to back LSBs (Test 6) were slightly lower than those of single LSBs 
(Tests 4 and 5) while the opposite trend was found when test measurements were compared with Tests 1, 2 
and 3. Hence it can be concluded that the back to back bolting process is not likely to alter the imperfections. 
Typical initial imperfection patterns for web and flanges are as shown in Figures 11a and b.     
7. CONCLUSIONS 
 This paper has described the details of an experimental study into the flexural behaviour of built-up LSB 
members. Test results show that the built-up LSB sections are likely to give higher flexural capacities. The 
beams with a connector spacing of span/6 increased the flexural capacity by about 12 to 20% in comparison 
with that of beams with a connector spacing of span/1. The typical buckling mode of built-up LSB sections 
with intermediate spans was found to be lateral distortional buckling. However, there was a slight 
improvement in lateral distortional buckling behaviour in comparison with corresponding single LSBs. In the 
back to back built-up LSB sections even with larger connector spacings of span/2, the failure mode was 
governed by lateral distortional buckling with very little separation between the connectors. This shows that 
the current limit of span/6 specified in AS/NZS 4600 (SA, 2005) in relation to excessive deformation is over-
conservative. BS 5950 Part 5 (BSI, 1998) specifies a conservative connector spacing of span/3. However, its 
second limit of 50 times the minimum radius of gyration of the single beam makes the first limit not relevant 
for the tests conducted in this research. The second rule governs the limit when the span length is increased. 
Use of this second limit would also be over-conservative for intermediate and long spans. Thus, more 
appropriate spacing limits are needed for back to back LSBs with varying spans. Numerical studies on back 
to back built-up LSBs have also confirmed this inadequacy (Jeyaragan and Mahendran, 2008). However, 
further numerical studies are recommended to confirm the findings before developing any new design rules. 
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